ABSTRACT Challenges with surgical cricothyroidotomy on the battlefield can be attri~ute~ to limited freque~cy of use, procedure unfamiliarity, and limited knowledge base of anatomicallandmru:ks of WhlC~ 1.S furthe~ ~el~hten In t~e tactical environment. The objective was to identify ways to enhance the cn7othyroldoto~y traIn~ng to m~mmlze pot~n:lal preventable procedural errors. A training review was conducted to detemune the gaps In the cncothyrOidoto~y traInIng in a 4-day Tactical Combat Casualty Care course at the Naval Medical Center Portsmouth. An ad hoc Workmg Group team identified five specific gap areas in the cricothyroido:omy training: 1) limit~d g~os~ ~rwa~ atlatomy review: 2)I~ck of "hatlds-on" humatl laryngeal anatomy; 3) nonstandardlzed step-by-step surgIcal InCISion sk~ll. procedure; 4) mfeI?-0r standards for anatomically correct cricothyroid matlnequins; 5) lack of standardized refresher traInIng frequency. S.peclfic training enhancements are recommended across each day in the classroom, simulation laboratory, atld field exerCIse.
INTRODUCTION

Background of Tactical Combat Casualty Care
The evolution and status of the Tactical Combat Casualty Care (TCCC) guidelines have been extensively presented elsewhere.'-3 TCCC guidelines recognize that trauma care in the tactical environment has three goals: (I) treat the casualty; (2) prevent additional casualties; and (3) complete the mission. The TCCC project began within the Naval Special Warfare Command and continued by the U.S. Special Operations Command as a set of tactically appropriate battlefield trauma care guidelines that were initially published in 1996 and peri odically updated, most recently in November 20 lOin the sev enth edition of the Prehospital Trauma Life Support manual.,,2 On the basis of published reports and reports collected from combat first responders, use of the TCCC guidelines saves lives and improves the tactical flow of missions on which casualties have occurred. 4 , 5 The TCCC guidelines serve as the basis for training for deploying operational medical and com bat personnel.
Airway obstruction ranks third as a preventable cause of death on the battlefield following severe hemorrhage and ten sion pneumothorax, respectively.6 In the first edition (1996) Recently the Armed Forces Medical Examiner System (AFMES) in collaboration with the Defense Material Medical Program Office (DMMPO) have highlighted unsuccessful battlefield trauma skill interventions through a series of eight PowerPoint presentations called Feedback to the Field (Ff2F), including two series on surgical cricothyroidotomy, as battle field lessons learned in an effort to increase the education and training of these procedures across the operational forces 7.8 (Maj Mazuchowski, USAF MC, AFMES. personal communi cation). These cases were identified via complete postmortem examinations, including multidetector computed tomography and digital x-ray, performed on all combat casualties received at the Dover Port Mortuary. 9 The release of the eighth Ff2F series by the AFMES and DMMPO included 13 case presentations on cricothyroido tomy observations that were reviewed at autopsy during a 6-month period (June to December 2010). During this report ing period, it was noted that surgical airways were less fre quent than endotracheal intubation (ETI) (n = 13 vs. n 55).
Furthermore, 3 of 13 surgical airway interventions were not in the trachea, but in the surrounding tissues including one tube placement in the esophagus. While other attempts were found misplaced not through the cricothyroid membrane (CM) and were unsuccessfuL8 The joint recommendation from the AFMES and DMMPO in the Fr2F series stated that each ser vice should review their training procedures and equipment for this technical skill. It is also noted by AFMES and DMMPO that the clinical circumstances and specific details surround ing the delivery of emergent care in these cases are unknown.
Following the release of the first of two AFMES battle field surgical airway casualty lessons learned presentations a preliminary analysis was conducted from the Joint Theater Trauma Registry (JTTR) for surgical airway interventions in an effort to obtain some additional objective data. Theater Trauma System who frequently brief the CoTCCC that during their surgical rotations in the operational theater they see many failed surgical airways that were attempted either, e.g., too high above the thyroid cartilage, with some attempts below the CM and other surgical airway attempts that resulted in false tissue passages running parallel to the trachea. 11 .12 Is it possible that the current approach for surgical air way training, as taught by each service and by outside con tract trauma support, is not standardized sufficiently resulting in a source of confusion to rapidly access the trachea in a most challenging battlefield environment? The key principle of this skill is successful trachea access, but the preference, how it is achieVed, may be too variable (e.g., hand and body position, varying procedure methods, multiple airway kits, inferior anatomy landmarks on airway mannequins) for far forward providers on the battlefield. Thus, the purpose of this bottom-up training review was to determine the training gaps, if any, for the cricothyroidotomy procedures in the TCCC course, Naval Medical Center Portsmouth, and, if identified, then make recommendations in an effort to standardize and enhance the TCCC training methods and prevent unsuccess ful surgical airway attempts on the battlefield.
METHODS
The TCCC curriculum at the Naval Medical Center Ports mouth, Virginia (NMCP) is a 4-day course offered primarily to all Hospital Corpsman both Active Duty and Reserve and is used for initial, refresher, or predeployment trauma training. It is mandated training for all deploying Hospital Corpsmen and Physician Assistants to receive within 180 days of deploy ment. 11 On occasion, NMCP also trains other Department of Defense Uniformed and Civilian personnel who are in receipt of deployment orders.
The TCCC course includes didactic classroom lectures, skill laboratory training and final skill evaluations conducted in the Medical Simulation Center, outdoor tactical movement and medical skill stations, and final field day exercise. For the cricothyroidotomy skill training, the students initially receive the standardized TCCC curriculum PowerPoint overview of these skill procedures on their Day 1 of the course. 3 The
PowerPoint includes two airway anatomy slides, 16 step by step procedure slides, and a video clip of the procedure being performed on a cadaver. Day 2 of the course involves instruc tors demonstrating the skill procedures on an airway manne quin followed by students performing each step with the aid of the TCCC cricothyroidotomy skill sheet. On Day 3, each student is evaluated on the cricothyroidotomy performance steps on a mannequin (Simulab TraumaMan System). Day 4 comprises a physical and psychological intensive trauma lane which includes tactical movement by each student to all five evaluated trauma skill stations (i.e., tactical drag and tourni quet placement, cricothyroidotomy, intraosseus device, nee dle decompression, patient drag, and a final 9-line casualty air evacuation report). At the end of the field day, an exercise debrief is conducted as a method to receive student feedback. An internal ad hoc working group at NMCP (hereafter referred to as the WG) was formed to conduct a bottom-up review of training provided for the cricothyroidotomy proce dure as part of the TCCC course. Bottom-up review refers to use of junior Hospital Corpsman, along with midgrade and senior personnel on the WG. Additionally, in this study it refers to all aspects of cricothyroidotomy training from the most basic to complex training aspects. The WG reviewed and/or examined all aspects of surgical airway training within the 4-day TCCC course starting with: (l) Surgical airway PowerPoint slides and video procedure; (2) Surgical airway skill evaluation sheet; (3) Items within the surgical airway kit; (4) Various types of airway mannequins available in the Simulation Center; (5) TCCC instructor meth ods for surgical airway training and final skill evaluation; and 6) Methods used to assess surgical airway skills in the field day exercise as conducted offsite in a more austere military field site. The specific intent of the WG was to identify any training gaps and areas that could be easily enhanced with out a significant addition of time in an already dense 4-day training course. The expected deliverable from the WG would be to: (1) an overall consensus of the WG for internal TCCC course development and (2) brief the CoTCCC for specific sur gical airway training recommendations for changes in the curriculum.
RESULTS
It was the consensus of the WG that the cricothyroidotomy training procedures revealed five specific areas for enhancing cricothyroidotomy training based on the current TCCC cur riculum (July 2010 version) and how the TCCC skills train ing is implemented at NMCP. It is noted that Navy Bureau of Medicine and Surgery authorizes the use of the TCCC guideline updates once the Defense Health Board, Assistant Secretary of Defense Health Affairs approves any changes to the curriculum and they are posted on the health.miVtccc website. 3 However, the Navy Medical Treatment Facility has the flexibility to implement TCCC training with this approved curriculum as they deem necessary, e.g., 16 to 40 hour course with enhanced training simulation.
Findings
The WG noted five key areas where the cricothyroidotomy section of the TCCC curriculum (e.g., slides and video) could be enhanced with improvements for how it is currently imple mented at NMCP. These include the following: 
Training Recommendations
In response to these findings for the review, the WG provided a series of recommendations to enhance surgical cricothyroido tomy training: (I) After the surgical airway anatomy slides are presented, instructors pass out to students a 3-dimensional oropharyngeal and laryngeal airway model to assist with key anatomical landmarks: thyroid notch, thyroid and cricoid cartilages, and CM (See Fig. I ). Then each student palpates these four airway landmarks on themselves and two (mini mum) fellow classmates to correctly identify the cricothyroid landmarks.
The instructor then continues with the PowerPoint slides for the cricothyroidotomy step by step skill procedure over view; (2) Before the cricothyroidotomy skill station practice on Day 2, the students are divided into groups ofthree. One student tactically assesses two role-playing casualties in the down posi tion by palpating the four laryngeal anatomy landmarks in both daylight and low-lighting conditions. Students would place a mark with a washable marker pen where the thyroid notch, thyroid and cricoid cartilages, are located and a horizontal mark where the CM is located on the neck (instructor evaluated). Rotate students; (3) The students would then move to the cri cothyroidotomy skill station to observe a demonstration of this procedure as conducted on a TraumaMan System mannequin. The instructor would verbalize the four anatomical landmarks as mentioned above followed by a step-by-step demonstra tion and question/answer period for clarification. The students would then practice each step of this standardized procedure along with the aid of the TCCC cricothyroidotomy skill sheet; ( 4) On Day 3, the final skill assessment would be conducted with the use of the TCCC cricothyroidotomy evaluation sheet; (5) On Day 4, in a field setting at the cricothryoidotomy skill station, a role-playing casualty would be placed in the down position next to airway "Cric" mannequin. As each student tactically approaches this trauma station, the evaluator will have student conduct a rapid assessment of casualty airway, palpate the laryngeal anatomy, identify by name the thyroid notch, thyroid and cricoid cartilages, cricoid membrane, and sternal notch, and with a washable marker pen draw the loca tion of a midline vertical incision and transverse incision (stab) over the CM. If the anatomy is identified correctly, the student, in turn, moves over to conduct the surgical cricothy roidotomy procedure on the airway mannequin: and (6) With newer simple and complex commercial mannequins in devel opment, conduct a formal search of the available cricothyroido tomy mannequins; rank order quality of larynx anatomy on airway mannequins; provide feedback for commercial devel opment of appropriate laryngeal and trachea anatomy (size and shape without artificial landmarks) for this skill proce dure with all four desired anatomical landmarks, i.e., thyroid notch, thyroid cartilage, CM (width and length), and cricoid cartilage.
The WG Chairman (BLB) briefed the CoTCCC at the November 11, 2010, quarterly meeting with specific recom mendations how the TCCC curriculum should be updated to reflect theses recommendations in the didactic, video, skills training, and evaluation sections. The AFMES case presentations and the preliminary retro spective battlefield surgical airway data from the JTTR trig gered this review of cricothyroidotomy training methods used in the TCCC course conducted at NMCP. The WG is in agree ment with the current medical literature that cricothyroidotomy remains a relatively easy, safe, and fast procedure used by mili tary medicine and civilian prehospital providers alike to obtain an advanced airway emergently when all noninvasive airway management techniques fail to create a definitive airway.14 Studies reveal that cricothyroidotomy can be performed successfully in 40 to 60 seconds when effective training fre quency is combined with ideal airway simulation models. Success rates for cricothyroidotomy by prehospital providers (i.e., paramedics, and flight nurses) range from 88 to 100% with complication rates (See Table I for a list of complica tions) reported to range from 4 to 27%, which compares equally well with physicians in emergency departments.l~17 Hubble et al (2010) conducted an extensive meta-analysis of prehospital airway control techniques including surgical cricothyrotomy success rates. 18 Of these 18 studies, pooled success rates were analyzed wi$ a total of 485 prehospital patients. The overall pooled success rate reported with sur gical cricothyrotomy technique was 90.5% as compared to a much lower pooled success rate of 65.8% using needle crico thyrotomy technique. These authors concluded that with the much higher surgical cricothyrotomy success rates this tech nique should be the preferred technique for an emergent air way procedure.
DISCUSSION
The use of cricothyroidotomy in civilian prehospital pro viders is reported to be used infrequently ranging from 2.1 to 14.9% of the total number of tracheal intubation. Even lower estimates are reported in the emergency department ranging from 1.7 to 2.7%.19.20 Warner et at (2009) reported a prospec tive cohort study of all patients who underwent attempted oral ETI in the prehospital setting over a 4-year period. 21 During this period, 4,091 patients underwent attempted ETI with a 96.8% success rate. Of these patients, 130 (3.2%) were deemed a difficult airway based on >4 ETI attempts, or requir ing other airway procedures, inc1uding 11 surgical cricothy roidotomy (8%).
Use of cricothyroidotomy on the battlefield is also reported to have low frequency of use as reported by Mabry et al (201 0),10 but this procedure is deemed essential because it well accepted that airway obstruction deaths are potentially survivable with timely intervention. 22 The Joint Theater Trauma System and JTTR were implemented for the same expected benefits as seen in the civilian trauma registry mod els for improving patient outcome~ after the point of injury on the battlefield.l3 As of April 2009, data from approximately 35,000 casualties have been entered in the JTIR from OIFI OEF conflicts. Analysis from the JTTR reveals that approxi mately 68% of battlefield casualties have penetrating injuries and 32% are from blunt injuries. This is an opposite pattern of 24 Of these 18 cases with traumatic injury to the face and neck, 12 had GSWs, with seven sustaining single GSW and five casualties sustaining multiple GSWs, while six deaths were the result of explosions. There were nine casualties with multiple inju ries to major vascular structures and significant airway hemor rhage. In five of nine cases (56%), it was noted at autopsy that there was evidence of a surgical cricothyroidotomy, but all were unsuccessful, i.e., no trachea access. These preliminary data from the J'ITR show that the use of cricothyroidotomy is infrequent as reported in the prehospital setting in the civilian emergency medical service.
Unsuccessful surgical cricothyroidotomy can be attributed to a number of factors, e.g., lack of familiarity with the proce dures, inadequate teaching of the underlying anatomy, limited hands-on training with human anatomical landmarks, inade quate human training simulation models, and low refresher training frequency.25 Each one of these factors is deemed to be essential to perform this procedure successfully. Other circumstances influencing timely delivery and effective bat tlefield care are the multitude and severity of the casualty's injuries (poly trauma), the total number of casualties, ongo ing tactics and situational confusion, low light or blackout conditions, environmental extremes, rugged terrain, limited resources of personnel and supplies, and fatigue, to name a few. Even though it is noted in many cases that the cricothy roidotomy was unsuccessful, it is not clear in J'ITR retrospec tive analysis why this procedure was unsuccessful. Was it due to a surgical attempt, but failed to correctly access the tra chea, or that the casualty died because it was an unsuccess ful attempt? It could also be a slllccessful trachea access, but the casualty died anyway due the associated vascular trauma, as was the most likely scenario in the five unsuccessful cases presented by Mabry et al (2010). 14 The review by the WG identified five specific areas for enhancing cricothyroidotomy trqining that have in common a deficit in knowledge and exposure to gross airway anat omy and lack of a standardized step by step surgical incision procedure.
With the low frequency of skill use, no set standard time line for refresher skill training, lack of laryngeal anatomy familiarity, and a trauma management procedure typically conducted in an emergent situatiM on the battlefield, a stan dardized step-by-step procedure should be taught. The liter ature describes many techniques, many cricothyroidotomy tools, and approaches for gainini airway access through the eM, but not all are equally effective or applicable on the bat tlefield. 26 Thus, the surgical cricothyroidotomy technique is the preferred method to gain a definitive airway by corps man/medics with minimal amount of equipment and with the minimal amount of steps to gain access through the CM. An excellent presentation of an emergency cricothyroidotomy procedure from Hsiao and Pacheco-Fowler (2008) and the accompanying online clinical video can be easily adapted with slight modifications for battlefield use by corpsman/medic. Table II for TCCC preferred equipment recommendations. -Palpate the thyroid notch. thyroid and cricoid carti lages, cricoid membrane. and sternal notch for anatomi cal orientation. -If swelling is present, the CM may be estimated to be about 2 to 3 ern (-0.75-L25 in.) inferior to the laryngeal prominence or 4 finger breadths above the sternal notch. -With the left hand. stabilize the trachea and keep the skin taut over the thyroid cartilage with middle finger and thumb-palpate the cricoid membrane with index finger (See Fig. 2 ). -With right hand, make a 2.5 cm (1.0 in.) vertical inci sion midline through the skin and subcutaneous tissues down to the thyroid and cricoid cartilages, and palpate the CM with left index finger again to confirm correct location. a) Greater opportunity to locate CM if incision not opti mally placed and can easily be extended as needed b) Minimizes bleeding complications c) A vertical incision will avoid injury to the recurrent laryngeal nerves, which run parallel to the trachea d) Best method to locate anatomical landmarks after the initial vertical incision in a severely traumatized neck and face With right hand, turn the scalpel horizontally to the midline and make a transverse stab 1.5 ern (-0.5 inches) through the lower half of the CM just superior to the cricoid cartilage. Make sure only the lower 1.3 cm ( -0.5 in.) portion of the scalpel enters into the airway to avoid trauma to the posterior side of the trachea. To minimize the risk of esophageal perforation, hold the scalpel between your thumb and index finger, and allow your middle finger to extend down the side of the scalpel, leaving the distal 1.3 cm of the blade exposed. On the basis of the diameter of the tube (5.0-7.5 mm), extend the incision no greater than 1 cm (-0.5 inches) on each side of the midline (avoid critical vasculature) to facili tate tube entry. -Without removing the scalpel from the airway (never remove a blade until hook is securely inside trachea) and with the left hand insert the tracheal hook into the inferior portion of the opening, hook the cricoid carti lage edge, and pull slight traction downward (caudally) toward the patient's feet. Once the hook is in place, remove the scalpel blade. Placement of the tracheal hook on the cricoid cartilage is preferred since this These procedural steps (see Fig. 4 Cricothyroidotomy Algorithm) follow the preferred surgical cricothyroidotomy technique on the battlefield or forward based military surgi cal unit, which is based on disrupted anatomy or the loss of anatomical landmarks from an improvised explosive device blast, or a high velocity gun shot wound to the face and neck as described recently in the textbook on War Surgery in Afghanistan and Iraq, and as stated by others.
-JO
Because of the large variation of surgical airway kits and tools, two surgical approaches to access the trachea through the CM, inferior laryngeal anatomy on airway mannequins and potentially a large variation for how each military service teaches cricothyroidotomy in the initial training school houses, TCCC courses, refresher training locations, Advanced Trauma Life Support courses, Emergency War Surgery courses, and contracted TCCC trauma training, are all potential sources of variation in what should be a training standard. The detailed procedures and supporting video by Hsiao et al and the recom mendations by others are a more consistent training standard to pursue for all operating forces. This is in effort to minimize the variability in training and the potential unsuccessful sur gical airway attempt far forward on the battlefield and in the aid stations before casualty arrival at an echelon oLcare with surgical service.
-3o
Simulation training for cricothyroidotomy and other trauma skills is an integral part of combat trauma training. At present, it is not known what proportion of corpsman/medics receive training experience on mannequin simulation only or with some form of live tissue models as the standard for air way obstruction, hemorrhage coatrol, and other trauma man agement procedures for final preparation before deploying to a theater of operation. Live tissue trauma training for deploy ing Hospital Corpsman was recently highlighted as "rec ommended" by the Navy Surgeon General in a recent Navy Bureau of Medicine and Surgery pre deployment trauma train ing matrix (NAVMED Policy 10-012, August 09, 2010). 31 The implementation of the Navy Medicine policy along with these additional cricothyroidotomy training enhancements will provide a greater sense of competence and confidence in corpsman and medics with this essential battlefield trauma procedure.
The WG Chairman briefed the CoTCCC at the November 11, 2010, quarterly meeting with sp~cific recommendations how the TCCC curriculum should be updated to reflect these changes in the surgical airway didactic, video, skills training, and evaluation sections. 32 Consequently, the outcome of recent briefs on surgical air way training, preliminary battlefield intervention data, and procedure outcomes as noted by JITS surgeons, the CoTCCC has listed surgical airway training in the 2011 battlefield Trauma Care RDT&E priority list for eventual approval by the Defense Health Board, a senior advisory board to the Assistant Secretary of Defense Health Affairs. The WG recommends additional studies to evaluate corps man/medics skill enhancement of objective criteria by con trasting efficiency, competence, and skill retention with the use of mannequins and live tissue models. Currently, a Program Announcement called for the development of a Combat Casualty Training Consortium (CCTC). The CCTC will make future recommendations using models such as animalsnive tissue and simulation-based systems to replicate the perfor mance of life saving trauma procedures and skills, including cricothyroidotomy, by comparing animalnive tissue models that may be used currently for trauma training and education with those of technology-driven, simulation-based systems. Over a 3-year period, the CCTC will make recommendations to the newly formed Armed Forces Simulation Institute of Medicine for the best currently available trauma skill simula tion, gap areas in simulation trauma technology, and for spe cific recommendation for future directions in trauma training using simulation technology and/or live tissue models.
34
CONCLUSION
The outcome of this bottom-up review of cricothyroidotomy training provided at NMCP as part of the TCCC course allows for key enhancements that emphasize identification of ana tomicallandmarks and hands-on human laryngeal assessment. These factors are known limitations for rapid and effective cri cothyroid airway intervention. In general, corpsman/medics get minimal anatomy review for this procedure and receive few practice sessions before the final skill evaluation, which is typically conducted with poor quality and misleading simu lated laryngeal anatomy in airway mannequins. The WG is in agreement with AFMES and DMMPO recommendations that all services should consider reviewing surgical airway training procedures and equipment.
It is essential that all providers of surgical cricothyroido tomy: (1) Learn the critical anatomical landmarks for this procedure and practice in austere settings; (2) Train with a stan dardized cricothyroidotomy procedure; (3) Obtain annual (at a minimum) refresher training; (4) Use effective and anatomi cally correct cricothyroidotomy simulators (Le., mannequins) and/or live tissue training models. These training recommen dations are easily incorporated into any cricothyroidotomy training and/or TCCC course. Finally, it is recommended that the CoTCCC accept these recommendations, as briefed in November 2010, and make changes to enhance the current sur gical airway training PowerPoint slides, skill sheet evaluation, and provide an improved surgical airway video consistent with procedural recommends in the theater of operation. 30 
